Indeed, if the constants of the transformers have been accurately measured, the precision of the results will depend chiefly on the indicating instruments, for the transformers themselves are more permanent and less liable to injury than the more delicate instruments used with them.
Transformer losses have been an object of much study, and their determination has become a familiar test; the measurement of ratios is one w^hich may be carried out without complicated apparatus and is easily accomplished; but the question of phase relations seems to have remained a subject of theoretical study principally, and to have received scant experimental attention.^It is of importance, however, not merely as a matter of general interest or in the design of transformers, but also in the measurement of power. For measurements of voltage or of current, it is necessary to know only the ratio of transformation involved, but for measurements of power with a w^attmeter the phase relations are also involved, and accuracy can not be assured unless these are known. Usually the phase of the secondary is so nearly the reverse of the primary phase that the error with high power-factors would be insignificant, but with low power-factors a large error might be introduced, as may be seen by reference to the numerical examples given below. In view of these facts, it is thought desirable to publish the methods of measurement of these quantities in use at the Bureau of Standards.^i In the vector diagram. Fig. i, are shown the various quantities which go to determine the ratio -of the transformer. The length of the vector is proportional to the maximum value of the quantity, and it is considered to be rotating uniformly in a counter clockwise direction.
Its projection on a fixed diameter will then represent the instantaneous value of the quantity, assuming it to be sinusoidal. The angles between the vectors represent the phaseangles of the corresponding quantities.
represents the magnetic flux linking both primary and secondary windings. It The ratios are plotted in the curves of Fig. 6 and the phase-angles in Fig. 7 . The phase-angle under normal conditions is at first positive and decreases with the load. The ratios are also plotted in terms of secondary resistance in Fig. 8 for transformer E.
In Tables VI and VII Bulletin, 8, p. 43; 1907. Reprint No. 48. respect to the primary there will be a deflection in the second dynamometer, and this serves to measure the phase difference. Fig. 9 Another weU-known method is shown in Fig. 11 The current from the movable armature is sent through the fixed coil of a dynamometer (see Fig. 1 2) 
